Abstract: Seasonal changes in phytoplankton community structure of the lake Tortum were studied over one year period, from March 2002 to February 2003. The collected data were compared with the data collected 21 years ago. Chlamydomonas microsphaerella, Cyclotella krammeri, C. glomerata, and Ceratium hirundinella were identified to be dominant several times during the study period. Species diversity and biomass of the phytoplankton were very low in spite of sufficient and high levels of nutrient concentrations. Maximum phytoplankton density levels were observed during summer and late autumn. Phytoplankton density was positively correlated with nutrients, temperature and pH, and it was negatively correlated with Secchi depth and dissolved oxygen. Phytoplankton growths were negatively affected from water transparency and high levels of water mass transport (circulation) and velocity in the lake.
Introduction
Phytoplankton as a component of aquatic ecosystems has been recognized as an indicator of trophic status and water quality of lakes (Rawson, 1956; Wetzel, 1983; Trifonova, 1998; Reynolds et al., 2002) . Composition and development of phytoplankton are deeply influenced by both short and term environmental changes in lake ecosystems. A comparison of recent research results with the results obtained several years ago may yield significant conclusions about the water quality and trophic status changes of lakes over time (Salmosa, 2002) .
Increases of nutrient concentrations in lakes have significant effects on their trophic status, phytoplankton community structure, and water quality. The trophic status of a lake can be considered as a stage of its evolution, and autotrophic production can be accepted as an intermediate step towards eutrophic conditions (Rodhe, 1969) . The main reason of eutrophication is an addition of excessive amounts of plant nutrients (primarily phosphorus, nitrogen, and carbon) to streams and lakes in various ways. Domestic sewage is a particular source of phosphorus in lakes if detergents contain large amounts of phosphates, which support the growth of phytoplankton (García-Ferrer et al., 2003) .
The lake Tortum was formed by a landslide blocking the riverbed. A detailed study of its phytoplankton structure has been carried out between the years 1979 and 1981. The research demonstrated that the lake had oligotrophic character during that period (Altuner, 1982) . The water quality parameters during those years reported by Altuner (1982) were as follows: DO (Dissolved oxygen) was in between 3 to 11 mg/L; pH values ranged from 6 to 9.5; conductivity was 210 to 305 µS/cm; calcium + magnesium concentrations were 17.4 to 80.8 mg/L, bicarbonates 29.28 to 234 mg/L, and SO 4 5.28 to 267.84 mg/L .
The phytoplankton ecology of the lake was also studied by Altuner (1982) during the period from 1979 to 1981. He characterized it as a centric diatom community type having low algal abundance with peak values of 489 org./mL in spring 1980, and recorded 35 phytoplankton species from the lake Tortum. The lake has been affected by sewage inputs since 1981 until now. The sewage inputs resulted in its high trophic status. Domestic wastewaters the lake Tortum after having run for about 30 km through Tortum riverbed, where natural processes caused partial mineralization of organic matter.
The aim of this work was to assess the current trophic status and seasonal dynamics of the phytoplankton of the lake Tortum, and to compare the findings with the findings of research that was carried 21 years ago.
Material and methods

Study area
The lake Tortum is located in the north-eastern Turkey, 95 km from Erzurum, between latitudes 40
• 35 -40
• 39 N, and 340 E. Kivrak located on longitude 41
• 38 E (Fig. 1) . The lake was formed as the result of a huge landslide, which blocked the valley though, which Tortum river flowed, and it is 8 km long and 0.7 km wide. The average depth of the lake is 100 m. The altitude of the lake is 1010 m above sea level, and the lake is surrounded entirely by mountains: Kemerli Mountain in its north; Tevin Mountains in its east. Tortum river is the main water source of the lake Tortum with mean flow rates of 6 to 8 m 3 /s. In addition, several small and seasonal streams carry melted snow water to the lake from the surrounding mountains in spring. The Tortum river and these seasonal small streams carry high amount of suspended inorganic material into the lake from its catchment.
Tortum Waterfall and a hydroelectric plant are located in the north of the lake. Since the completion of the erection of the hydroelectric plant, water is drawn from the lake though canals and tunnels and allowed to rush down into the turbines. The waterfall is now functioning as a spillway for surplus water during the late spring when the water level of the lake is exceptionally high.
Sampling and processing of samples
The study of phytoplankton dynamics and physical and chemical features of the Tortum lake was carried out over one year period, from March 2002 to February 2003. Two sampling stations were established for phytoplankton, chlorophyll-a (Chl-a) and water quality investigations (Fig. 1) . Water samples were taken from surface to 3 m depths using a Nansen-type sampler from Hydro-Bios. These samples were mixed for analyses of phytoplankton, chlorophyll a and water quality. Phytoplankton samples were immediately preserved with Lugol iodine solution. Phytoplankton was counted using inverted microscope at a magnification of 400× (LUND et al., 1958) . For each sample, a constant volume 50 mL was concentrated in the chambers. In identifying phytoplankton species we referred to HUSTEDT (1930) , PATRICK & REIMER (1966 , PRESCOTT (1982) , HUBER-PESTALOZZI (1961) and KOMÁREK & FOTT (1983) .
The diversity (H ) was calculated using the ShannonWiener index (SHANNON & WEAVER, 1949) . The diversity index was calculated on the basis the biomass (volume) of each species as a measure of abundance.
where pi is the proportion of biovolume of n species.
The chlorophyll a (Chl-a) concentrations were determined using 90% acetone as extraction solvent according to PARSON & STRICKLAND (1963) . Temperature, pH, conductivity (EC) and dissolved oxygen (DO) were measured in situ using multilab-P4 (WTW). Water transparency was measured with Secchi disc. Calcium carbonate (CaCO3), calcium (Ca +2 ), calcium bicarbonate (HCO − 3 ), and magnesium (Mg +2 ) concentrations were determined using titration methods. Ammonia-nitrogen (NH4-N), nitrite-nitrogen (NO2-N), nitrate-nitrogen (NO3-N) and phosphate-phosphorus (PO4-P) concentrations were measured using standard methods given by APHA (1995).
Results and discussion
Physical and chemical characteristics
Secchi depth values ranged from 35 to 160 cm and were much lower in late spring than in winter, summer and autumn. The lowest values in late spring were due to increasing amount of inorganic suspended solid inputs to the lake due to sudden spring snow melt with subsequent floods and heavy rainfall during spring. Variability of Secchi depths in present study was very similar to that observed in the earlier study. However the observed mean Secchi depth level was about half of that observed 21 years ago. The observed low Secchi depth levels were attributed to extremely high amount of inorganic suspended solid transport into the lake as a result of land erosion from its surrounding mountains rather than to phytoplankton density. Water temperatures varied from 6.5
• C (in January) to 23.5
• C (in August). DO values varied between 7.3 and 13.7 mg/L. The minimum values of DO were measured during the warm period. pH varied between 7.8 and 8.5 during the study period. Conductivity values (EC) varied between 254 and 362 µS/cm during the study period. EC values showed an increase in autumn. High EC values in this period may be related to the increase of ionic concentrations due to evaporation, reduced river inflow volume by the lack of rain and discharges for hydroelectricity production. EC values were higher in this study than in the early study (Fig. 2) . Table 1 . The lake water could be characterized as slightly alkaline and moderately hard. Ion concentrations of the lake Tortum in this study were found similar to those of the earlier study.
Seasonal variations of the surface nutrient concentrations in the monitoring stations are given in Fig. 2 . Ammonium (NH 4 -N) concentrations were relatively high. Maximum ammonium concentrations were recorded in autumn and winter seasons, and minimum concentrations were during late spring. Nitrite (NO 2 -N) concentrations varied between 0.003 and 0.012 mg/L. Nitrate concentrations ranged from 0.3 to 0.65 mg/L. Nitrate (NO 3 -N) concentrations were found to be lower in late spring than in other seasons (Fig. 2) . The lake Tortum received sewage inflows from the towns of Uzundere and Tortum, located 12 and 30 km from the lake, respectively. Organic matter mineralisation occurs within polluted rivers during material transport due flow and consequently water quality is expected to improve as a result of self-purification mechanisms (García-Ferrer et al., 2003) . Organic material mineralisation in the Tortum riverbed may be negatively affected by rising turbid river inflow volumes and high velocity in late spring. Low nitrogen concentrations in the lake during this period may be related to decreasing organic material mineralisation in both riverbed and lake.
Phosphate (PO 4 -P) concentrations exhibited high seasonal variations with levels ranging from 0.015 to 0.075 mg/L. The levels were relatively higher in late summer and early autumn (Fig. 2) . This may be attributed to the nutrient release from bottom sediment layers to water column by water mixing. In addition, phosphate (PO 4 -P) concentrations in the lake were influenced from nutrient loading by inflow.
The lake Tortum can be classified as a mesotrophic one (OECD, 1982 , Wetzel, 1983 when nutrient levels are considered. The existing mesotrophic nutrient levels in the lake may be attributed to sewage discharges. Relatively higher nutrient concentrations and conductivity values in late summer and autumn periods can be related to increasing ionic concentration due to evaporation, reduced inflow, increasing mineralisation of organic matter, and low water level in the lake.
Seasonal dynamics of phytoplankton, chlorophyll-a and diversity
The phytoplankton density and species diversity levels were identified to be low during this study. Cyclotella krammeri Hők. C. glomerata Bachm., Chlamydomonas microsphaerella Pasch. & Jah. and Ceratium hirundinella (O.F. Müller) Schrank were found to be dominant several times during the study period. In particular, two centric diatoms (Cyclotella krammeri and C. glomerata) comprised 99.3% of the total numbers of phytoplankton in spring, 89.8% in sum- mer, 14.2% in autumn, and 99.6% in winter. Chlamydomonas microsphaerella constituted 85% of the phytoplankton density in autumn. Similarly, some of these species were found as dominant species also in other lakes and reservoirs in Turkey (Gönülol & Aykulu, 1984; Altuner & Gürbüz, 1994; Gürbüz et al., 2004; Kıvrak & Gürbüz, 2005) . Stephanodiscus rotula (Kütz.) Hendey, Fragilaria ulna (Nitzsch) LangeBertalot, Cocconeis placentula Ehr.,Cymbella affinis Kütz., Navicula salinarum Grun., Carteria sp., Staurastrum vestitum Ralfs, Trachelomonas volvocina Ehr and Peridinium cinctum (O. F. Müller) Ehr. were found rarely in the phytoplankton community.
Centric diatomsCyclotella krammeri and C. glomerata contributed considerably to the overall cell numbers (Fig. 3) . They constituted almost all of the phytoplankton community during winter and spring seasons, and reached maximum density during summer months. However, they had their lowest densities in May. This situation may be related to high turbid inflows into the lake, very low Secchi depths and the high water level in the lake during this month.Cyclotella species were found commonly in clear, often well-mixed habitats and tolerate nutrients deficiency (Reynolds et al., 2002) . These species have been reported as dominant in the earlier study (Altuner, 1984) . Cyclotella species are known as typical phytoplankton components of oligotrophic lakes. However, some Cylotella species such as C. glomerata also grow in nutrient-rich environments (Kalff et al., 1975) . They have been found as dominant in several oligotrophic and mesotrophic lakes and reservoirs of Turkey (Aykulu et al., 1983; Altuner & Gürbüz, 1994; Gönülol & Obalı, 1998) .
Ceratium hirundinella showed an increase in early summer and reached maximum density toward the end of summer (Fig. 3) . This species is mostly found in oligotrophic and mesotrophic lakes in summer (Reynolds et al., 2002; Eloranta, 1995; Rawson, 1956; Hutchinson, 1967) .
Chlamydomonas microsphaerella had a very low density in summer. This species started to develop in September and became dominant in November, constituting approximately 85% of phytoplankton density. Their numbers showed a steady decline towards the end of the year (Fig. 3) . A rapid increase in cell density coincided with the high conductivity values, long water retention times, and high levels of water mixing. Chlamydomonas species has been widely found in eutrophic lakes and reservoirs (Trifonova, 1998; Temponeras et al., 2000) . The populations of Chlamydomonas sp. might be supported by a mixotrophic metabolism in the lake, where increase the concentration of dissolved organic matter might occur (García-Ferrer et al., 2003) . The other species found in the lake had no significant effect on total phytoplankton density.
The seasonal development of the phytoplankton was characterized by quite stable trends with two peaks: one in summer and the second one in late autumn. This was in accordance with the general pattern described for many temperate lakes (Hutchhinson, 1967; Padisák et al., 1998; Ç etin & Şen, 2004; Kıvrak & Gürbüz, 2005) . The density of Cyclotella krammeri and C. glomerata progressed to a peak in summer. During summer, suitable growth conditions for these algae existed after high turbid inflow into the lake in late spring. Phytoplankton density exhibited a steady decline in late summer and early autumn during heavy zooplankton grazing pressure. Chlamydomonas microsphaerella started to grow in late summer and reached the peak density in late autumn. Increasing nutrient concentrations due to inflow and water mixing, decreased zooplankton grazing pressure and water temperature provided suitable growth conditions for this species in spite of limitation of light density in late autumn.
Surface Chl-a values at two sampling stations exhibited a similar pattern. Chl-a concentrations ranged from 0.12 to 2.24 mg/m 3 being much higher in late autumn than in other seasons (Fig. 4) . High Chl-a concentrations in late autumn were related to high counts of C. microsphaerella (Chlorophyta) which is known to have a very high Chl-a content compared to other groups (Vörös & Padisák, 1991) . According to Chl-a concentrations, the lake Tortum is classified as an oligotrophic one (OECD, 1982 , Wetzel, 1983 .
Phytoplankton density was found to closely correlate with environmental conditions (Tab. 2). There was a significant positive correlation between phytoplankton density and conductivity. This relationship might be explained by the fact that increases in conductivity (Eloranta, 1995) . The conductivity was observed to be positively correlated with nutrients concentrations. Phytoplankton density was positively correlated with nutrients (NH 4 -N, NO 2 -N, NO 3 -N and PO 4 -P) while temperature and pH and were negatively correlated with Secchi depth and DO. An interesting negative correlation was observed between DO and phytoplankton density. DO concentrations were very high in winter while phytoplankton exhibited low density values. However, DO concentrations were relatively low during summer months while phytoplankton reached peak density levels. The observed DO low concentrations in the summer months were related to completion of the biochemical oxidation of the organic matter carried by Tortum river and relatively higher water temperatures in summer. Chl-a values (as indicators of the phytoplankton biomass) were closely correlated with phytoplankton density. Relationship between environmental conditions and Chl-a values was similar to that of the phytoplankton density (Tab. 2). Phytoplankton diversity (H ) values in the lake were very low during the study period (Fig. 5) . The lowest H value (0.082 bits/µL) was calculated for May. Phytoplankton density was very low and only few species were found in the lake due to high levels of water movement (high turbid inflow into the lake, high outflow from the lake following snow melting and heavy rainfalls). The diversity was at a maximum in late summer and late autumn. The phytoplankton community structure reached its highest stability, diversity and biomass during this period. The late summer and late autumn periods of high biomass was characterized by higher species richness. General environmental stability in these periods (stabilized water temperature, enough solar radiation and slow water movement) could lead to higher diversity.
We can conclude that seasonal succession and community structure of the phytoplankton and physical and chemical properties of the lake water were different from those reported in the earlier study. Cyclotella species, known as indicators of the oligotrophic conditions in the lakes, were dominant in winter and spring when the lake had high water volume and a very short water retention time. However, the phytoplankton community in late summer and autumn, when the lake had the lowest water volume and long water retention time, was dominated by Chlamydomonas microsphaerella, which was accepted as indicator of eutrophy. The highest Chla concentrations were also found in autumn. Species diversity and biomass of the phytoplankton were very low in spite of the existence of sufficient nutrient concentrations. This situation may be related to high turbid inflow into the lake, high outflow from the lake and very short water retention times. The phytoplankton community structure, Chl-a peak and nutrient concentrations indicated that the trophic level of the lake is progressing toward the oligo-mesotrophy. 
